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(57) Abstract 

A method and 
article for conducting a 
chemiluminescent reaction 
in which a reaction conduit 
is provided having a unique 
configuration for enhanced 
chemiluminescent signal 
production and detection. 
The conduit is preferably 
provided with a plurality 
of folds defining multiple 
substantially different flow 
paths for reactants flowing 
therethrough. The method 
and article are suitable 
for use in diagnostic 
assays employing 
chemiluminescent labels. 
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ARTICLE AND METHOD FOR CONDUCTING 
CHEMILUMINESCENT REACTION 


Background of the Invention 
5 The present invention relates generally to methods and articles for 

effectuating contact between chemical compounds which produce a 
detectable signal when reacted. More particularly, the invention concerns a 
chemiluminescence reaction cell, and a method using the same, in which a 
reaction conduit is specially configured to increase the amount of signal 
1 0 produced when a chemiluminescent reaction is carried out in the cell. 

It is well known that many chemical and biochemical reactions produce 
light. This phenomenon, commonly known as chemiluminescence, can be 
used to great advantage in medical diagnostics. For example, a diagnostic 
test or as„ay which analyzes for antigens, antibodies, haptens, or other such 

15 "analytes" in human body fluids can utilize chemiluminescence by coupling a 
chemiluminescent compound to the analyte sought to be detected. Examples 
of such analytes include toxins, organic compounds, proteins, peptides, 
microorganisms, amino acids, nucleic acids, hormones, steroids, vitamins, 
drugs (including those administered for therapeutic purposes as well as those 

20 administered for illicit purposes), virus particles and metabolites of or 
antibodies to any of the above substances. In such an assay, the 
chemiluminescent compound coupled with the analyte will not provide any 
light output until the chemiluminescent compound is "triggered" by exposure to 
a triggering agent. Thus, the first step in such an assay involves combining a 

25 patient sample (with or without any prior processing) with a reagent which 
contains the chemiluminescent compound, in the absence of trigger solution, 
and under conditions which will result in coupling of the chemiluminescent 
compound to the analyte suspected to be present in the patient sample. After 
such coupling, the resultant complex containing the analyte and the 

30 chemiluminescent compound is typically separated from any unbound 
materials in the assay and then contacted with the triggering agent in order to 
produce a chemiluminescent reaction. The amount of signal produced can be 
directly correlated to the amount of analyte present in the patient sample. 
Diagnostic assays of this general type, and numerous variations, are well 

35 known in the literature. Acridinium compounds such as acridinium 
sulfonamides and acridinium esters are examples of chemiluminescent 
compounds that have been disclosed for use in the type of diagnostic assay 
generally described above. 
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A problem in diagnostic assays which emnlov •> 
oe.ecfion is lha , „ is often difficut, ,o reproduce oZZe ^lT^' 
output of signal from the leasl amount of chernilum^r P ° S$ibte 
abilfty ,o overcome , hls problem is paftioutr y Cft n Hn ml ' eaC,an '' ^ 
5 whioh a diagnostic assay is required ,o detetf Z low J ? ' nS ' anCeS in 
distinguish difterenoes among such level Zo^^Iln T'^ "» 
signa. output in a chemiluminescen, assay wou d (ao |,1 * m3 " imi2e 
use of assay reagents. 13,6 3 more economical 

' G Summary r.1 The Inuan^ 

The present invention is a method fnr rfor.wi 

ohemioa, reaotion. The method eompt s the Z s IZT'T^ '* 3 
flowable reaotant in a first conduit and separate thl~f ' " "'^ 3 " rst 
ftowabte reactan, in a second oonduft Z^n Te ^' T^'" 9 3 SSC ° nd 
15 reactants are seteoted such ,ha, whtn c ntacted wit o"' T°" d 
detectable signal is produced- (o\ „ rn w 3Cted Wlth one another, a 

conduf, whJis tran ~ said E2L\£T^Sr de,eCtfon 
to the first and second reactan, conduits. ZTZ ^r 0 "^ 
comprises at one end thereof a first „„ onin • . ! d etect,on conduil 
20 reactan, conduits merge so Z to t Z ZZTe T* T, ^ 
fi-, and second separate flowabfe reac tarTt at Z h 
second opening for discharge of the merged toll*. , ' he ' e °' 3 

and reaction products, out* the ^ecT Z^TZZTZ TT" 
present in the first and second conduits can be mad^T; 
25 conduits. into the detection conduit ^JTJlZtl'ZT ^ 
merged flow can then flow out of the conduit through Z s^ " hereUp0n said 
detection conduit further comprising, be.wee he fireman IT T * *~ 
a. teas, one folded section, such Led eel T~°7 
■ntegral interconnection (i) a first ssnm J 7 ~ mpr,$,n 9' cont.nuous 
BO chane, ling the merged reacLfts^™ l^TcS™ "l 
of the defection conduit for channetting the merged reac ants al0 n a 
flow path, such that the first and second finw „=,h! 3 „ ° n9 a second 
m a .bird segment of the detec Z££ Citlg^ T* " 
the first and second aforemeniinn.rt „ ° . Consl " u " n 9 an elbow which joins 
15 be channeted from , to ""^ * "° w can 

said firs, second and third^gTn ZZZZL?™ *? " 
travel for said merged reactants in said folded secHon fat T " P3lh <* 
second reactants to ftow ou, o, the ^tZf^ZT^Z 
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detection conduit, whereupon said reactants are caused to merge with and 
contact one another at said first opening of the detection conduit such that 
said signal is produced in said conduit; (4) providing means for detecting 
signal produced in step 3, such means being positioned alongside the 
5 detection conduit, and wherein the detection conduit is folded to fit its entire 
length or substantially its entire length within the detection field of the signal 
detection means; (5) using the signal detection means to measure the amount 
of signal produced in step 3. As used above, the term "non-circular path of 
travel" is intended to mean that the folded section of the detection conduit is 
10 not superimposable on the arc of a circle. Throughout this specification the 
terms "detection conduit" and "reaction conduit" are used interchangeably 
The invention is not intended to be limited to chemical reactions in which the 
detected signal is in the form of light energy. 

Preferably, the flow path in the abovementioned first fold segment 
15 differs substantially from the flow path of the second fold segment. As used 
herein, the terminology "differ substantially" with respect to describing the 
relationship between the flow path of the first fold segment and the flow path of 
the second fold segment, is intended to denote an angle between these flow 
paths of less than about 150°. At angles greater than this, the change in 
20 direction between the first flow path and the second flow path is less 
pronounced, and the benefits of the present invention become increasingly 
less evident as the angle approaches 180°, (at which angle there of course 
would be no change in flow path.) Preferably, the angle between said first and 
second flow paths is an acute angle, and. most preferably, a small acute angle 
25 of less than 45°. In the most prefered embodiments of the invention, the first 
and second fold segments are essentially linear and the first and second flow 
paths are disposed along lines which are essentially parallel and non- 
intersecting, as shown in some of the embodiments depicted in the attached 
figures, whereby the change in flow path in the folded detection conduit 
30 constitutes essentially a reversal in flow direction. 

In a related method, the invention is further directed to a method for 
conducting a signal-producing chemical reaction in which the folded detection 
conduit described above is substituted with a spiral conduit, preferably 
wherein the merge point for the signal producing reactants is located at the 
35 center of the spiral such that the merged reactants react within and flow 
outward along a spiral path to a discharge conduit. This positioning of the 
reactant confluence^ the center of the spiral provides for improved mixing of 
the merged reactants at the early stages of a chemiluminescent reaction as 
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compared with known methods which combine the signa, producing reactants 
■n a tes, tube or cuvette such as is done w„h commercial known 
luminometers. uwn 

As an article of manufacture, the invention is a reaction cell suitable for 
conducting a signa. producing chemica. reaction, comprising: a housing and 
three separate conduits formed in said housing; wherein the conduits meroe at 
a smgle point, and wherein one of the conduits is folded so as to comprise at 
least one folded section comprising, in continuous integral interconnection (i 
a M segment of the conduit defining a first flow path; (ii) a second segment of 
sa.d conduit defining a second f.ow path differently directed from said first flow 
Path; and (Hi) a third segment of the folded conduit constituting an e, bow 
joining sa.d first and second segments, and wherein the first, second and third 
fold segments together define a non-circular flow path. The term "non-circular- 
nas the same meaning as given above. 

In the case of both the method and the reaction cell, the folded conduit 
preferably conta.ns a plurality of folded sections where said first and second 
segments of each fold are essentially parallel to one another, and wherein the 
d,stance between the merge point of said three conduits, and the elbow 
segment nearest said merge point, is not greater than the greatest distance 
between any two of said elbow segments. The purpose of these preferred 
requ.rements is to provide enhanced mixing at said elbow segments and to 
assure that the bulk of the signa. producing reaction occurs within a field oi 
detection after the reactants arrive at the first folded section of the folded 
conduit. 

The method and article of the present invention provide excellent signal 
generat.on and detection for a signal-producing chemical reaction and 
part.cularly for chemical reactions which produce a chemi.uminescent signa. 
As a preferred embodiment, the folded reaction conduit provides an enhanced 
s.gnal .n comparison to a reaction cell in which the signal producing reactants 
are conducted along a circular reaction conduit. A further significant 
advantage of the invention is that the reaction cell and method can be used to 
perform d.agnostic assays which do not require disposable assay cuvettes 
Moreover, a chemiluminescent signal generated in the reaction cell of the 
.nvent.on is markedly enhanced over signa. generated when 
che m ,, ljmine scent reagents are mixed in a cuvette, test-tube, or other non- 
folded or non-spiral mixing chamber. A further advantage of the method and 
article of the invention is that they make possible the performance of 
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remarkably sensitive and reproducible diagnostic assays usina 
chemiluminescent labelling of analytes. 

Brief Des cription of the Drawing s 

5 

Figure 1 is a schematic representation of an S-loop reaction cell in 
accordance with the present invention. 

Figure 2 is a perspective view of an S-loop reaction cell of the present 
invention. 

10 Figure 3 is a top view of the reaction cell depicted in Figure 2. 

Figure 4 is a cross section of the reaction cell of Figure 2 showing inlet 
ports for chemiluminscent reactants. 

Figure 5 is a cross section of the reaction cell of Figure 2 showing a 
discharge port. 

Figure 6 is a perspective view of a Z-loop reaction cell according to the 
present invetion. 

Figure 7 is a top view of the cell depicted in Figure 6. 
Figure 8 is a cross-section of the cell depicted in Figure 6 which shows 
two openings in the the cell, one of which 50a is for the chemiluminescent 
reactants, the other 48a for discharge of a merged flow out of the cell. 

Figure 9 is a cross section of the cell of Figure 6 showing the reaction 
conduit in the cell being disposed in two separate planes and the transition of 
the conduit from an upper plane to a lower plane thereof. 

Figure 10 is a schematic of the cell of Figure 6 depicting the dual 
25 layered nature of the reaction conduit therein. 

Figure 1 1 is a top view of a fingerprint folded reaction cell in accordance 
with the present invention. 

Figure 12 is a cross section of the cell of Figure 11 illustrating the angle 
at which the reactant entry conduits are disposed with respect to the reaction 
30 conduit. 

Figure 13 is a cross section of the cell of Figure 11 illustrating a 
discharge conduit from said cell. 

Figure 14 is a top view of a spiral flow cell according the present 
invention. 

Figure 15 is a cross section of the cell of Figure 14 illustrating inlet and 
discharge conduits. 

Figure 16 is a top view of an assembly for housing a reaction cell of the 
present invention, including a photomultiplier tube. 


20 


35 
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Figure 17 is a cross section of the housing of figure 16 
Figures 18-20 are schematic representations of several different folded 
conduit reaction cells according to the invention. 

Detailed n^rripfir^ 

5 Figure 1 is a schematic representation of a chemiluminescence reaction 

eel, according to the present invention. The reaction cel. 1 is provided with 
three fluid-conducting conduits 2, 5 and 10 which merge at a single merge 
point 8 Conduits 2 and 5 are supplied f.uidica.ly with chemiluminescent 
reac *ants from sources 3, and 7 respectively. For example, source 3 may be a 

10 S olut.on containing a chemiluminescent compound such as an acridinium 
compound. Specifically, in the case in which a reaction cell of the presem 
invention is employed in a diagnostic assay, source 3 could be solution o 
analyte wherein the ana.yte has been coupled to a chemiluminescent 
compound such as an acridinium sulfonamide. The reactant supplied by 

1 5 source 7 may be a trigger solution which, when brought into contact with the 
chemi ^luminescent compound from source 3. causes production of a 
chem, luminescent signal (i.e., photons). Conduits 2 and 5. and the contents 
hereof from sources 3 and 7. are maintained separate from one another until 

20 cTsinn T ^ ^ 31 me ** ^ 8 - thereby 

20 caus.ng a chemiluminescent signal to be emitted as the merged flow 

continues into and through the reaction/detection conduit 10. The conduit 10 

is a continuous single channel which extends at one end from the merge point 

8 to an opposite end at discharge outlet 12 which is fluidically connected to a 

waste receptical 17. Between merge point 8 and discharge outlet 12 are 

25 prov,ded a plurality of turbu.ence-inducing conduit folds which cause the 
merged flow from sources 3 and 7 to travel through conduit 10 along a 
tortuous or multiply reversing flow path. As seen in Figure 1. each of the 
conduit folds comprises a first section 13 defining a first flow path for the 
merged flow travelling through the conduit 10; a second section 14 defining a 

30 second flow path for the merged flow; and a third section 15 serving as an 
elbow section connecting the first and second flow paths. The elbow segment 
provides a sharp turn causing the merged flow in conduit 10 to change 
d.rect.on sharply when flowing from fold section 13 to fold section 14 This 
substantial change in direction from the first to the second flow path tends to 

35 enhance mixing at said elbow section 15. for improved mixing of the reactants 
.n the merged flow. Although sections 13. 14 and 15 are represented using 
brackets it will be understood that the three sections are integrally and 
continuously interconnected. It should also be understood that although 
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sections 13, 14 and 15 are shown only one time in Figure 1, there are a total of 
e.ght folds in conduit 10 (intersections 21 and 22 may be considered folds for 
purposes of the invention) and each of said folds will comprise its own set of 
sections 13. 14 and 15. Broken line 19 represents the detection field of the 
chem.luminescence detection device 23. Such detection device is preferablv 
a photomultiplier tube (PMT). The folding of detection conduit 10 provides that 
the conduit 10 is essentially completely within the detection field of the PMT 
23 The residence time of the fluid stream in the reaction cell, and the 
configuration of the cel. folds are such that the chemi.uminescent reaction is 
substantially completed by the time the stream has reached the limit of the 
detection filed 19 and is ready to pass through discharge point 12 of conduit 

Figures 2 through 5 show an actual embodiment of the reaction cell 
dep.cted schematically in Figure 1. This embodiment is referred to as the "S- 
loop- embodiment. In Figure 2. the tortuous conduit 10 has been machined 
into a solid polymeric block 25 in the form of an open-topped or u-shaped 
channel. This machined channel is then sealed with a covering layer 27 of 
transparent polymeric plastic such as polycarbonate which is glued with an 
epoxy and/or thermally bonded onto the solid base 25. Covering layer 27 is 
about .15 mm in thickness and forms the top surface of conduits 2 5 and 10 
The cho.ce of polymeric materials is not critical to manufacture of the solid 
block 25 and covering layer 27. except that the materials should be inert to 
reactants intended to be used with the cel.. and top layer 27 must have 
excellent transparency. An example of material suitable for fabrication of solid 
block 25 .s white opaque polyvinyl chloride. In somewhat greater detail 
f.gures 2 through 5 illustrate a tortuous path 10 that is confined to one 
honzontal plane. The tortuous path 10 contains a plurality of elbows and stays 
within a detection zone 19 indicated by the broken circular line in Figure 3 
which forms a 12 mm diameter circle. Detection zone 19 represents the 
viewing surface of a photomultiplier tube. Source conduits 2 and 5 are about 
0.5 mm across and about 0.4 mm deep, whereas the detection conduit 10 is 
about 1 mm wide and about 1.2 mm deep, whereby flows merging from 
conduits 2 and 5 into the detection conduit 10 are subject to improved mixing 
Detection conduit 10 has a volume of about 70^1. At the confluence point 8 ' 
as shown in Figure 3. a suitable trigger solution flows in from the first source 
conduit 2 at a 60° angle to the flow path of conduit 10, and a suitable 
chem.luminescent reagent flows from the second source conduit 5 into the 
confluence point 8 at 20° flow path angle to the detection conduit 10 The 
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difference in flow paths provided by the angular disposition of conduits 2 and * 
with respect to conduit 10 provide enhanced mixing and contacting 
reactants at said confluence point. Fluidic connectors 29 shown in figures 2 4 
and 5 are threaded into b.ock 25 and facilitate fluidic linkage to reactants 
5 wh.ch can be supplied from sources externa, to the reaction cel. block 25 
F.gure 5 depicts the discharge conduit 12 which leads out of conduit 10 to a 
waste receptacle (not shown). uloa 

A further embodiment of the reaction cell of the present invention is 
depicted in Figures 6-10. In this embodiment referred to as the -2-loop- 
10 embod.ment. the detection conduit 35 has a plurality of zig-zag folds and 
occup.es two separate planes which are disposed one on top of the other In 
this embodiment, as shown in figures 6 and 7, the detection conduit 35 follows 

ci cTTs s'hT 9 3 deteCti ° n 37 f ° rmin9 3 9 ™ di -ete 

crcle. As shown ,n Rgures 6, 7 and 8 the detection conduit 35 repeatedly 

15 raverses the detection zone 37 on a plane near the top surface 5 of 

transparent polymeric block 51 , to form a first or upper zig-zag network 35a o 

conduit folds, and then turns norma, to the b.ock surface at 7^e 39 to 

reach a plane further below the surface 52 and below the upper zig-zag 

20 fott H a h f ° rm 3 S6COnd 2i9 - 239 netWOfk 35b ' in WhiCh '-er network 0 f 
20 folds he d,scharge conduit 35 again repeated.y traverses the detection zone 

37. In th.s embod.ment the material of the block 51 should be transparent or 

translucent in order to allow light to travel from the lower p.ane to a photon 

detect.on device (not shown). The conduits are formed in b.ock 51 using we.l- 

known plastic fabrication techniques. As shown in Figures 6 and 8, block 51 

25 prov,des an annular recess for housing a circular reflecting mirror 55 which is 

embedded ,n the b.ock. Mirror 55 corresponds in area to the detection zone 

37 of the react.on cell, which in turn corresponds to the detection opening of a 

photomultiplier tube (not shown) which can be placed immediately above 

30 1 T ^ !' i9nmenl With S3id deteCti ° n 2 ° ne 37 ■ Mirror 5 * enhances 
30 detect.on of l.ght from the reaction cell by a photomultiplier tube. As shown in 

Figures 6, 7, 8 and 10 there are provided two separate conduits 45 and 50 for 
flow.ng chemiluminescent reactants into the detection conduit 35 Figure 8 
shows the relationship of conduits 45 to the openings 50a and 48a of conduits 
50 and 48. The dual-layered nature of the ziz-zag conduit, and the confluence 
35 o condu.ts .s schematically shown in Figure 10. as well as in the cross section 
of F.gure 9. Each of the folds in the detection conduit 35 defines two differently 
channeled flow paths joined by an elbow, such that the flow paths are at an 
angle of about 20 degrees to each other. 
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As can be seen in the case of the S-loop and the Z-loop embodiments 
d.scussed above, the detection conduit is provided with a plurality of folds in 
which each fold defines a non-circular, flow path for enhanced mixing and 
detection of chemiluminescent reactants. As shown by the merge points 8 and 
41 in figures 3 and 7 respectively, it is preferred that the confluence of the 
separate reactant conduits into the detection conduit occurs at a merge point 
which is within the detection zones 19 and 37 of the two embodiments in order 
to max.mize the detection of signal output from the chemiluminescent 
reactants. 

Still another embodiment of the reaction cell of the present invention is 
depicted in Figures 11-13. This embodiment is referred to as the -fingerprint- 
embodiment, based on the fact that the pattern of folds in the detection conduit 
resembles a fingerprint. The cell in figure 1 1 comprises a detection conduit 87 
into wh.ch merge two separate conduits 80 and 82 for injecting 
15 chemiluminescent reactants into conduit 87 at merge point 85. Conduits 80 
and 82 are at a 30 degree angle to each other, and are disposed at a thirty 
degree angle to the plane of the detection conduit 87, as shown in the cross 
section of Figure 12. In the detection conduit there are a plurality of folds such 
that the direction of flow is substantially reversed a number of times while 
reactants are coursed through the conduit. One of the folds of said detection 
conduit comprises a first section 87a. defining a first flow path a second 
sect.on 87b defining a second flow path and a third section 87c defining an 
elbow section which connects said first and second sections. The flow paths 
in the f.rst and second sections are markedly different such that they are 
d.sposed along lines which are parallel. Like the other embodiments the cell 
«s formed in a solid block 70 in which an open-topped channel is formed for 
conduit 87. which is then covered with a transparent cover 72. The detection 
conduit is folded so that it is within the detection zone 90 of a photomultiolier 
tube. 

Figures 14 and 15 depict a "spiral" embodiment in which the detection 
conduit is in the form of a circular path. Although we have found this to be 
markedly less efficient for signal production in comparison to the other 
embodiments of the invention, the signal output is still improved over cuvette 
m.x.ng and conventional luminometers. Although this embodiment does not 
utilize the folds of the other embodiments, it does, as shown in figures 14 and 
15 utilize the feature of providing a merge point 93 for the source conduits 90 
and 91 .nto the spiral detection conduit 94 which is within a detection zone 95 
Further, it is found that enhanced mixing is achieved for chemiluminescent 
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acr.d.n,um compounds based on the fact that source conduits 90 and 01 
*sposed at an acute ang.e with respect to the p,ane of he spiral dp, T 
conduit 94. Although fo.ded reaction conduits are pre e redTo " 
Present invention, a spira, detection ce„ n^Z^^^ZZ^ 
= ement in mixing and signa, production versus 'J^TS^ 

c.emi.uminescent re^lZ ^l^Z^^^^ T" 

apparatus (not shown) to the illustrated detection suZs^l I T "* 
the So;id pl detectjon cej) js m - b -- 

120. The housing .ncludes an extension 116 for tightly housL ! 9 
a photomultiplier tube 106. Openings 124 in ,h ! 9 SeCUrm9 

and permit entry of fluid oan£Z%£^£^ £ 
reactant in tube 104. and a trigger so.ution T«Z 02 TZZZT" 
system (not shown) can be provided in a known m »n 7 6Fy 

All of the embodiments of the invention describe a n« ' 
operate in a manner ,o cause mixing o, *JZ£^£ZZ%F. 
detection zone. The physical structure of the reaction cZ.,T 
embodiments is such as to maximize bo^T^T^t" 
"uids and the duration o, time a ttuid eiemln em n wiZ he" £T 
zone, thereby maximizing the signai detected by a e"* e l 7 
particutar. the provision of mutfipte conduit fotds wWch provide! feaTures o, 
abrupt and subtan.ial flow path changes within the detect 
conduits which can be narrower than the d».», de,ectlon zone : source 
merge points whereby the Z^^Y' 
conduit at a point which is within the detection LI „ 
enhancement of the chemiiuminescen, signet ' a " PmMe *<" 

As used herein, the term -acridinium sulfonamide- m= 
chemiiuminescen, compounds identiiied by the formula * ,he 
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wherein R. R\ R«, X 1, and x2 are substituents which do not interfere with the 
chemiluminescent signal provided by such chemiluminescent compounds 
with the proviso that R"-X1 and RO<2 may be independently hydrogen. More 
specifically, R and R" may be spacer arms and X1 and X2 may be 
independently members selected from the group consisting of hydrogen 
carboxy, carboalkoxyl, carboxamido. carboaryloxy, cyano, carboximido' 
isocyanato, isothiocyanato, sulfo. sulfonyl halide, carbonyl halide, N- 
succinimidyloxycarbonyl and N-succinimidyloxysulfonyl. Y" is an appropriate 
counterion. and may be selected from the group consisting of sulfate 
alkylsulfate, halosulfate, haloborate, haloacetate, halophosphate, phosphate 
and halide. Preferably, the counterion is sulfate or halide. 

R. R*. and R" may independently include a member selected from the 
group consisting of alkyl, alkylene, aryl. substituted alkyl. substituted alkylene 
and substituted aryl groups, such that one or more hydrogens of said member 
can be replaced by an alkyl, aryl, alkylene, substituted alkyl, substituted 
alkylene, substituted aryl, alkoxy, aryloxy, halo, amino, protected amino 
substituted amino, hydroxy, protected hydroxy, oxo, thio, imino, mercapto or 
substituted mercapto group; or such that one or more carbon atoms of the 
member can be replaced by a heteroatom. The heteroatom may be selected 
from the group consisting of nitrogen, phosphorus, sulfur and oxygen. 

R and R" independently may also be spacer arms of the formula 
-(CH2) n - where n = 0-50. 

The preferred acridinium sulfonamide compounds for use in the present 
invention are 1 0-methyl-N-(2-carboxyethyl)-N-tosyl-9-acridinium carboxamide 
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and 10 -(3-sulfopropyl)-N-(2-carboxyethyl)-N-tosvlQ fl r h • 
The most preferred acrid,ni um su.fonam id " 0 

carboxyethyl)-N-tosyl-9-acridinium carboxamide °-< 3 -S"»°Propy|). N _ (2 . 

Also suitable for nco in *u 
-■onamide -^^^^1^ ? - ~**» 
Apptatan No. 257.541 (published March 2 i 98 m ,f Ur ° Pean Pa,ent 
reference. The acridinium sulfonamiHo „ ' ,ncor P° ra '<*l herein by 

have me ,o„o W ing generaTfol," ,n «** *«T 



0=C— R 4 


radical in which a suKonamide IT h™" °' ha '° 9en ' R4 '^'-^ a 
* - -ogen or a „ ~ ^"^^ ^ «"■* group 


-S • X • R5 


™y aCi^- z:z:zT,: a a,ipha,ic or aromaiic — «** 

under gentle conditions can emer inl a b„T k 9TOUf> WW ° h Setectiv ^ 
other functional groups in subsTance^ ^ am ' n °- ""^ ,hi °' °< 

which does no, LJ r chJSSE^T^ ^ * * " *">°° 

PresenHZr, IZ^TZC^ °° mP ° UndS USe ' U ' - 
273,1,5 published July 6. 1988 f Pa ' en ' A PP«oation 

PMbfished European^atenTr^ rr'L^rrT' 
preparation of acridinium sulfonamides. 3 50 discu «es 
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The acridinium sulfonamide can be oxidized by any oxidant which 
reacts with the acridinium sulfonamide to yield a product in an electronically 
excited state. As it returns to the ground state, this product releases energy in 
the form of light in a chemiluminescent reaction. 

As used herein, a "trigger solution" means the solution containing the 
oxidant which initiates or catalyzes the chemiluminescent reaction. A 
preferred trigger solution comprises hydrogen peroxide in dilute alkali. 

In addition to acridinium sulfonamides, the present invention can also 
be practiced using acridinium esters which are well known chemiluminescent 
compounds. Another chemiluminescent label which can be used in a 
diagnostic assay which employs the reaction cell and method of the present 
invention is luminol (or derivatives of luminol) using as the trigger an alkaline 
peroxide. Frequently a catalyst such as microperoxidase is added to the 
alkaline peroxide to enhance the signal output. 

Enzymes can be labels which catalyze chemiluminescence when 
m.xed with the appropriate substrate. One enzyme stubstrate pair is 
horseradish peroxidase with a mixture of luminol and peroxide as substrate 
Enhancers such as phenolic compounds can be added to the enzyme label to 
generate even more light. Another widely used enzyme is alkaline 
phosphatase with chemiluminescent 1 ,2-dioxetane phosphates such as spiro- 
adamantyl meta-phenyl phosphate 1 ,2-dioxetane. Substituents on the phenyl 
ring can be varied to allow more rapid emission of light compatible with the 
rapid mixing device of the present invention. 

Electrochemiluminescent reactions can be detected in the flow cell of 
the present invention by merging an electrochemically-generated radical 
cation in one flowing stream with a Ruthenium tris-bipyridyl label in the other 
flowing stream. 

The following examples are provided to illustrate the method of the 
present invention. 

EXAMPLE 1 

An example of use of an embodiment of the present invention to 
demonstrate the dynamic range of chemiluminescent detection uses the S- 
loop embodiment shown in Figure 2. 50 m of magnetic microparticles a 
known fraction of which are bound to a chemiluminescent substance were 
injected into the detection cell of Figure 2. The magnetic microparticles were 
N.ppon Paint 006 particles (Nippon Paint Co.. Tokyo, Japan) of about 1.2 urn 
diameter and 50 percent magnetite by weight. They were bound to sulfopropyl 
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o.oo 075 . o.oo 76 and 0 ,s :::z ::;t:;:;^r of ° 

aqueous solution with 0.4% H 2 0 2 . 0.225 M NaOH Z T, ! ^ 
0.0,% diethyiene triamine pentaacetio acid 5 o ^ 1 7 h " °°' * nd 
magnetic microparticle suspension were Mdioaiiv ra h ' abe " ed 
•he detection cei, shown in Figures 2 ZZ^^TTZ ^ ' °* 
Simultaneously, trigger solution was transfer ed t o Zn^LT"^ 
cel, a, a rate of about 6 nWminute. Light emission Z TLtZ T' 0 " 
measured by a Hamamatsu phofomultipfier tube (Mode R647 0^ r h . W3S 
emitted was approximately proportional to the amount m T ' * " 9h ' 
particles in the microparticte suspension Th» T chem,lu "*«cent 

-suits o, signal detection u^HT^-H^^r* C ° n,ai " S ^ 
given above. ainerent acrid.n.um concentrations 


TABLE 1 


Amount of 

chemiluminescent 
particles (% by weight) 
Light emission (Relative 
Light Units) 

0 

0.00075 

0.0075 

0.15 

1.394 

8,515 

71,131 

1.443, 194 

Coefficient of Variation of 
light emission 
Number of tnals 

5.8 
*4 

1.9 

T 

0.59 

4 " 

1.2 
"4 


EXAMPI F p 

,e perlormanc 3 ; ^^"CST^ ^ " 
"trough 5. The magnetic microparti^ a eTpp ^2^^ * 
(Nippon Pain, Co.. Tokyo. Japan, of abou, ,.2 pm d,ame.er Ind L 

=it by igh , The particles were bou ^ d ?™:« e °2Z7™ 

a p iS G ~ n9 r u,,oprowia= 

acueous solution with 0.4% H 2 0 0 225 M NaOH 27 ^dbstance was an 
0.0 1% dielhylene triamine penta/cetic acid" 
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IMx® Ultrasensitive hTSH (human thyroid stimulating hormone) In Vitro Test 
Cal.brators. catalog #3A62-01 obtained form Abbott Laboratories. Abbott Park 
IL. 58 nl of microparticles and 200 uL sample (the TSH calibrators) were 
combined in a suitable reaction chamber and incubated for 10 minutes at 
room temperature (about 22°C) to form a "sandwich" complex. The magnetic 
microparticles were washed with buffer to remove unbound sample The 
buffer is catalog #8374 from Abbott Laboratories. Abbott Park. IL. with 0 015% 
Brij® detergent (Sigma Chemicals. St. Louis. MO) added. 280 uJ of the 
conjugate reagent were then added to the incubated sample and 
microparticles and the mixture was incubated for 7.5 minutes at room 
temperature (about 22°C). The microparticle containing incubation mixture 
was then washed twice to remove unbund conjugate. The resultant assay 
m.xture is a suspension of microparticles containing a sandwich complex 
.nclud.ng the acridinium label. The magnetic microparticle suspension was 
then transferred to the first source conduit 5 of the detection cell 25 depicted in 
Figure 2 at a rate of about 4 ml/minute. Simultaneously, trigger is transferred 
into the second source conduit 2 of the detection cell at a rate of about 6 
ml/minute. The flows from conduits 5 and 2 then merged into the detection 
conduit 10 of the reaction cell and produced a chemiluminescent signal Light 
em.ss.on from the detection cell was measured by a Hamamatsu 
photomultiplier tube (Model R647-04). The light emitted is specifically related 
to the concentration of TSH in the analyzed sample. The results are reported 
in Table 2. below. 

TABLE 2 


Sample 
TSH 

concentra- 
tion 
fcilU/m!) 

0.0 

0.5 

2.0 

10.0 

40.0 

100.0 

Light 

ernmission 
(relative 
light units 

29,088 

61,863 

168,029 

607,386 

1.772,729 

3,366,521 


30 


EXAMPI F 3 

This example illustrates the relative effectiveness of three different 
embodiments of the reaction cell of the present invention: The Z-loop 
embodiment of Figure 6; the spiral embodiment of Figure 14; and the S-loop of 
Figure 2. 50 u.1 of magnetic microparticles bound to a chemiluminescent 
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substance are delivered from a fluidics handling apparatus tn , h „ 
detection cells. The m agne,ic microparlicies .% N.ppon PaTn 
(Nippon Pain, Co.. Tokyo, Japan, o, about 1.2 H m diamete an " T^* 
magnetite by weigh.. They are bound ,o sul.op,opTa C l ° 
suspended in buffer a. a concentration (by weigh,) o 0 5 i " T ^ 
.rigger substance is an aqueous solution with o 4% H ?0 , 0 ZTL m Z ^ 
Triton X-100. and 0.01% die.hy,ene .rianrine pen aace, c a fd " f h % 
magnetic microparlicte suspension is transferred to rs, conduit^ t 
detection cell at a rate of about 4 ml/minute , SaCh 

Iransferred ,n.o a separale condui, «T d^on^ t^tT [ " 
separably sourced flows (acridinium labelled panicles and < foT" 
are merged a, the entry point o, the detection condu t o e ch . w ' 
flow rate is maintained at that flow rate which result * 
emission, which „ow rate was determined h advance or each" dT, ' i9h ' 
embodiment o, the reaction cells. Light emission Z J de.eln cT 
measured by a Hamamatsu photomultiplier tube (Model R647 nl tk ' S 
,om .e different reaction cells o, ,he present t^^^ ~ 


20 


25 


Reaction Cell Type 


Trigger Flow rate 
Number of runs 


TABLE 3 


Z-Loop (Fig.6) 


* The conv entional luminometer noted in the aboL Tah.o c • H 

high speed injection o, trigger solution inl0 , vZnT^ZlZTZ 
chem.luminescent compound To obtain thp Mmn conta.n.ng the 

conventional luminometer used 

For the luminometer lest, a single sample measurement was d„„» , 7 
50 u, o, the micropadicle reagen, is diluted with ZfJTJZZ. 
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placed in a 12X 70 mm glass test tube. Then 300 ul of trigger solution is 
injected in to it at a high flow rate. Immediately afterward, photon emission is 
read for 5 seconds giving the relative light units as the total counts. 

While particular embodiments and applications of the present invention 
5 have been illustrated and described, it is to be understood that the invention is 
not limited to the precise embodiments disclosed herein and that various 
modifications, changes, and variations which will be apparent to those skilled 
in the art may be made in the arrangement, operation, and details of 
construction of the invention disclosed herein without departing from the spirit 
10 and scope of the invention as defined in the appended claims. For example, 
the reaction cells schematically represented in Figures 18, 19 and 20 are 
illustrative of additional embodiments of the invention. 
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We claim: 


1 • A method for detecting a signal produced by a chemical r***- 
sa.d method comprising the steps of: cnem.cal reaction, 

5 (1) providing a first flowable reactant in a first conduit and senary 

therefrom, a second flowable reactant in a second conduit mm 
reactants being selected such that when conJe^ToTjoZT 
detectable signal is produced; another, a 

(2) providing a continuous folded detection conduit which is tr*n C „ 
10 to said detectable signal and which is connected to sa7d *r J t ™ 8parent 
reactant conduits, said detection conduit compri ng two e"ds and "t ^ 
thereof a first opening into which said first and second reactani condu 
so as to be ab.e to effectuate a merged flow ^Tn^T^ 
separate flowable reactants, and at another end thereof « L h 
- discharge of said merged flow out of said 

reactants present in said first and second conduits can be caused to Z 
therefrom, into said detection conduit through said fir^ nnl I ° W 
said merged flow can then be made to Z out c TL^ZL- ^ 

folded sec «, on comprising, in continuous in.egra, interconnection (i) a firs^ 
segment of the detection conduit for chanelling the merged reactants alono a 
trs. flow path: m a second segment of the detection con^TCZZll 

25 to h reaC,amS a '° n9 3 SeC ° nd ,l0w pa,h ' sucn «™ >^ firs, and second 
25 flow paths are channeted in different directions; and (iii, a third segmem oMhe 
detectton conduit constituting an etbow which Joins the firs, and I h 
segments, whereby said merged reactants can be cha ne, rom sa Td ^s 
flow path to said second flow path, and wherein said firs, second anTrh n 
segments ,oge,her define a substantially non-circular pa h " rave, "or sa d 
30 merged reactants in said folded section; Sa ' d 

and <3> / aUSi " 9 Sa ' d ,i,St and second rea «aots to flow out of said first 
and second conduits and into said detection condui, whereupon said 
reactants are caused to merge with and contact one another suT.ha, a d 
signal ,s produced in said detection conduit; 


35 (4) Priding means for detecting said signal produced in step (3) 

such means having a defection field and being positioned alo g de he 
de.econ condu,,. and wherein ,he detection condui, is folded iL f" 
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substantially its entire length within said detection field of the signal detection 
means, and 

(5) using the signal detection means of step 4 to detect the amount 
of s.gnal produced in step 3 as a measure of the amount of reaction occurina 
between said merged reactants. 

2. The method of claim 1 wherein said merged reactants include a 
suspension of microparticles labelled with a chemiluminescent compound 
and said signal is in the form of light. 

3. The method of claim 1 wherein said first fold segment and said 
second fold segment respectively define first and second flow paths which 
differ substantially from one another. 

15 4 - The method of claim 1 w herein said first fold segment and said 

second fold segment respectively define first and second flow paths which are 
essentially parallel. ' 


10 


20 


5. The method of claim 4 wherein said folded detection conduit 
compr.ses a plurality of said folds, and said detection conduit is folded in an S- 
loop configuration. 


6. The method of claim 4 wherein said folded detection conduit 
comprises a plurality of said folds, and said detection conduit is folded in a 

25 fingerprint configuration. 

7. The method of claim 1 wherein said folded detection conduit 
comprises a plurality of fold sections, and wherein said detection conduit 
comprises a fold section disposed in a first plane, and another fold section 

30 disposed in a second plane substantially parallel to said first plane. 

8. A method for detecting a signal produced by a chemical reaction 
said method comprising the steps of: 

(1) providing a first flowable reactant in a first conduit and. separate 
35 therefrom, a second flowable reactant in a second conduit, said separate 
reactants being selected such that when contacted with one another a 
detectable signal is produced; and wherein at least one of said reactants 
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comprises a suspension of microparticies labelled with a sional nmn • 
compound. gnal P r °ducing 

(2) providing a spiral detection conduit which is trancn , 
signal and which is connected ,o said firs, and second eacta ^ ° 
5 detection condui, comprising a. one end thereof a Z ' U " S ' SaW 

firs, and second reacan, conduits o^Z^^Z^ZTT 
■ merged flow from said firs, and second L^Z^^T^ 
anomer end .hereof a second opening for discharge o, otZZZsZ o 
sa,d detecon condui,, whereby said reacfan.s present in said firs, and secld 
10 condufls can be caused to flow .herefrom, into said detection "nduiUh^ul 
sa,d ft* opening, whereupon said merged flow can flow ou, of said coZh 

o moT " Se °° nd ° Penin9: Said de,eC,fon COndui ' *** Provided^ 
form o a cont.nous spiral between said first and second opening- 

(3) causing said firs, and second reactants lo flow out of sain 

1 5 and second conduits and into said foided de.ec.ion condui, whteupon sa* 
s.gna, ,s produced upon con.ac.ing of said merged reactants ereUP ° n Sa ' d 

(4) providing means for delec.ing the signal produced in s.ep (3) and 
posmomng sa ,d means adjacent said de.ec.ion condui. wherein sal Sin ? 
f,.s subs,an,ia„y completely within a de.ec.ion fiefd o Inat LtT 

20 z:*:t said ,irs - — * - *— ~ 

(5) using said detection means tn H Q t Q ^ ( .u» 

th* ,o , meth ° d ° f C ' aim 8 Wherein said first ^ning is positioned at 
the center of said spiral detection conduit. posmoned at 

10. The method of claim 8 wherein sairt oir,r.oi •• 
» P-duced by a chemiluminescen, .o«u*Z'Z^^^ 
consisting of acridinium sulfonamide compounds. 9 P 

n^H 1 1 , A reaCli ° n ° e " SUi ' ablS *° r conducli "9 a chemical reaction which 
produces a defec.able signal, comprising: a housing and three separate 
5 conduits formed in said housing; wherein the conduits merge a a LZ Z , 
and wherein one o, the conduits is foided so as to comprise « . as one ,Z 
secon compns.ng. in continuous integral interconnection (i, a firs. seomeTof 
.be condui, de,in,ng a firs, flow pa.h; (i„ a second segment 7sa,d ^ u 
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defining a second flow path differently directed from said first flow path; and 
(iii) a third segment of the folded conduit constituting an elbow joining said first 
and second segments, and wherein the first, second and third fold segments 
together define a non-circular flow path. 

5 

12. The reaction cell of claim 11 wherein said first and second flow 
paths differ substantially from one another. 

13 - The reaction cell of claim 11 wherein said first and second flow 
10 paths are essentially parallel to one another. 

14. The reaction cell of claim 13 wherein said folded detection 
conduit comprises a plurality of said fold sections, and said detection conduit 
is folded in an S-loop configuration. 

15 

15. The reaction cell of claim 13 wherein said detection conduit 
comprises a plurality of said fold sections, and said detection conduit is folded 
in a fingerprint configuration. 

20 16 - The reaction cell of claim 11 wherein said detection conduit 

comprises a plurality of folds, and wherein said detection conduit comprises at 
least one fold section disposed in a first plane, and at least one fold section 
disposed in a second plane substantially parallel to said first plane. 
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